In the long run, futures return was leading the spot return in case refined soya oil and chana. Similarly spot return was leading the futures return in case of soya bean and castor seed. In the short run, futures return was leading spot return in case of guar seed and spot return was leading futures return in case of castor seed. There was a bidirectional causality found in case of refined soya oil, chana and soya bean.
INTRODUCTION
Commodity derivatives made their appearance before financial derivatives in the world and also in India.
Informal trading in commodity derivatives was practiced in ancient India, but the formal took shape in the late nineteenth century. The growth path of the Indian derivative market was not smooth. Trading remained banned for a long period of time since 1966 and it was reintroduced in the early 2000s. The first modern futures market was established in 1875 for cotton contracts by the Bombay Cotton Trade Association. Oilseed and food grain futures followed and before the World War II, futures were being traded on commodities such as wheat, rice, sugar, groundnut, groundnut oil, raw jute, jute products and castor seed as well as precious metals. After independence, 
Price Discovery in Commodity Futures Market
The two major economic functions of a commodity futures market are price risk management (hedging) and price discovery. A futures exchange carries out these twin functions by providing a trading platform that brings buyers and sellers together. The hedging is used to manage price risks. It allows transfer of price risk to other agents who are willing to bear such risks. The hedgers, in principle, buy futures contracts for protection against rising commodity prices and sell futures for protection against falling prices or to get a guaranteed price in the future. It is important to note that the commodity futures price, the price agreed upon by the parties for the future transaction, is a market estimate about the future price of the underlying commodity. It reflects the price expectations of both buyers and sellers for a time of delivery in the future. It may be higher or lower than the spot price of the commodity in the spot market. Thus, the futures price could be used as an estimate of the spot price of a commodity at some future date.
However, futures prices keep changing until the last date of the futures contract subject to additional information about demand and supply. The continuous flow of information makes the process of price discovery dynamic in a commodity futures market. For instance, the price of March futures contract of any agricultural commodity will reflect the opinions of buyers and sellers about the value of that commodity when the contract expires in March. The March futures prices may go up or down with the availability of new information. The price signal can provide a direction to a farmer about what a commodity will be worth at a future point of time and, on the basis of future prices, he can take decisions on what to produce (i.e, choice among different crops to be grown in a season) on the likely prices in the near future. Hence, the farmers can benefit from the dissemination of the futures prices (Mahajan and Singh, 2015) .
The effectiveness of the price risk management depends on how efficiently the futures market fulfills the price discovery objective. Price discovery is the process of new information being factored into the prices (Kumar and Shollapur, Sharma (2015) concluded that futures were leading the spot in case of soya bean and soya oil, whereas in case of chana and pepper bi-directional relationship was found. The existing literature on price discovery in the Indian commodity futures market has covered mainly non-agri commodities like precious metals, energy products etc. and the literature pertaining to agricultural commodity derivatives is very limited. The number of agricultural commodities covered in these studies are also very less and the time frame used for the analysis is also very short so as to come out with a meaningful inference. Hence there is lot of scope for doing research in the area of agricultural commodity derivatives.
The main objective of the present study is to examine the lead-lag relationship between the futures and spot markets in case of select agricultural commodity derivatives traded in India. This study is significant because in case of competitive price discovery all the available market information is continuously transmitted into futures price, providing an indicator of supply and demand. The benefits of future markets extend not only to the participants, but also for other farmers and traders who are not involved in future trading directly, who use futures prices for the purpose of production and process decisions.
MATERIALS AND METHODS

Sampling
Proportionate sampling technique has been followed to select the commodity exchange as well as the agricultural commodity derivatives used for the present study. Among the three National Commodity Exchanges, National Commodity and Derivatives Exchange Limited (NCDEX) is the largest agricultural commodity futures trading platform (Jha, 2015) which is also clearly evident from the Five agricultural commodity derivatives viz. refined soya oil, guar seed, chana, soya bean and castor seed were proportionately selected based on the value/volume traded at NCDEX. These commodity derivatives were selected based on their high value as well as trading volume and were consistently performing well on the NCDEX platform for many years which is clearly evident from the Table 2 and hence they formed a formidable base for the analysis. 
Data Collection
The study was purely based on secondary data which was drawn from the official website of NCDEX. The data comprised of daily closing spot prices and futures prices with near month (expiration month) maturity pertaining to the sample agricultural commodity derivatives traded on the exchange. The near month futures contracts were selected for the analysis as they are considered as highly liquid and the most active contracts. The data on trading volume and open interest for the sample agricultural commodity derivatives was also collected on daily basis.
The period of study was from January 2004 to November 2016; however the data points varied across the commodity derivatives owing to their late introduction on the commodity exchange and the fact that some commodity derivatives were banned for certain period in order to curb the speculative impacts which according to policy makers could have triggered inflation. Another reason for the variation is attributed to the availability of the futures and spot price data on the NCDEX website during the time of data collection. The list of sample commodities and their respective data points as well as reference market for spot price is given in the following Table 3 . 
Tools of Analysis
Time series data pertaining to the sample agricultural commodity derivatives was analyzed using various statistical and econometric tools. The base data of spot and futures prices was converted into continuous daily return series by taking natural logarithm. Natural logarithm of daily prices was taken to minimize the heteroscedasticity in data (Sehgal et.al, 2012) . The rate of return for each day is defined as the difference between the natural log of a particular day's price and the natural log of the previous day's price.
Where, R t is the return for the day t, ln is the natural log, P t and P t-1 are the closing prices for day 't' and its previous trading day. However the base data of spot and futures prices was also used at appropriate stages of the analysis.
The data was analyzed using MS Excel 2007 and Eviews-9 econometric software package.
The lead-lag relationship between futures and spot prices of the sample agricultural commodity derivatives is examined using the following econometric tools:
Augmented Dickey-Fuller Test (Pre-Test for Stationarity)
The price series are subjected to Augmented Dickey-Fuller test (ADF test) to check for the presence of unit root both at the level as well as the first difference. This is done to make sure that the data is integrated at first difference [I (1)]
and hence does not exhibit unit root property (Kumar and Shollapur, 2015).
Johansen's Cointegration Test
The nature of long-run equilibrium relationship between the spot and futures market for the sample agricultural commodity derivatives is ascertained using Johansen's Cointegration test. In practice many financial variables contain unit root and are thus said to be integrated at first difference [I (1)]. The cointegration test is based on maximum likelihood estimation and uses two test statistics, namely trace statistics (λ trace ) and maximum Eigen value statistics (λ max ) to determine the number of co integrating vectors (Johansen and Juselius, 1990 ).
Vector Error Correction Model (VECM)
Once the long-term equilibrium relationship is established through co integration, it is necessary to understand the long run price discovery role and short term price dynamics (Kumar and Shollapur, 2015) . If the price series are not stationary, then the Vector Auto Regression (VAR) framework needs to be modified to allow consistent estimation of the relationships among them. Hence VECM is just a special case of VAR for the variables that are stationary in their first
Granger (1986) states that if two variables are [I (1)] and co integrated, there must be causality in at least one direction. Bidirectional causality is also possible. This is due to the error correction mechanism between the two series that keeps bringing them back to equilibrium at regular intervals (Kumar and Shollapur, 2015 and Luo (1994) and Lien (1996) argued that if the two price series are found to be cointegrated, then there exist valid error correction representations of the price series that includes short-term dynamics and long run information (Srinivasan, 2012 ).
Hence, the causality between futures and spot returns is estimated by using the following VECM: In the equations (1) and (2), the error correction term (e t-1 ) measures how the dependent variable adjusts to the previous period's deviation from long run equilibrium. Speed of adjustment parameters or coefficients of long term error correction terms (λ f and λ s ) establish the long run equilibrium relationship. As λ f increases, the response of F t to the previous period's deviation from long run equilibrium also increases. The short term coefficients ( f,i, s,i, s,i and f,i ) represent the short run influence of the returns of one market on the returns of the other. The lag length for VECM is selected based on Schwarz Information Criteria (SIC). After estimating Equations (1) and (2), Wald F-test is conducted on the coefficients to check whether they are jointly significant.
Granger Causality Test
After the pre-requisite testing of the stationarity is done, the widely accepted Granger Causality test is deployed to detect the direction of relationship or causation between two variables (Granger, 1969) . If the time series are cointegrated, then the aforesaid VECM can be used to determine the short run deviation from the long run equilibrium, otherwise
Granger Causality can be employed to navigate the direction of causation (Brahmasrene and Jiranyakul, 2007 ). This test is considered to be a very strong test against unit roots and is a classic choice in econometric literature whenever two series are of the order [I (0)] (Foresti, 2007) .
The test involves estimating the following simple Vector Auto Regressions (VAR):
Where, 
RESULTS
Pre-Test for Stationarity
The time series stationarity was tested for the select agricultural commodity derivatives viz. refined soya oil, guar Markets in Case of Agricultural Commodity Derivatives in India www.tjprc.org editor@tjprc.org seed, chana, soya bean and castor seed using Augmented Dickey Fuller test (ADF). The futures and spot price series were tested for the presence of unit root at the base level as well as at the first difference level. It could be observed from the estimated results that both futures and spot price series in case of refined soya oil, chana, and soya bean and castor seed were exhibiting the presence of unit root when tested using their level data. The same estimation procedure was conducted for both the price series at their first difference and it could be observed that there was no unit root in the data. Therefore the price series at first difference was found to be stationary in both the futures and spot markets for refined soya oil, chana, and soya bean and castor seed. Since the two price series were [I (1)] or integrated at first difference, it was possible to test for the cointegrating relationship using Johansen's Cointegration test. However the case was not the same in case of futures and spot price series of guar seed as they were found to be stationary when tested using their level data itself. As a result it didn't qualify for Johansen's Cointegration test which also confirmed that there wasn't any long run equilibrium relationship present between the two price series of guar seed. The detailed results of the ADF test are presented in the Annexure 1.
Johansen's Cointegration Test
The presence of cointegrating relationship between the futures and spot price series of refined soya oil, chana, soya bean and castor seed was tested using Johansen's Cointegration test and the results are presented in the Table 4 . The test was conducted for the existence of number of hypothesized cointegrating equations. It could be inferred that the futures and spot price series for refined soya oil, chana, soya bean and castor seed were cointegrated and exhibiting a long run equilibrium relationship. The presence of cointegrating relationship also confirmed that there was a causal relationship between the futures and spot price series, at least in one direction. 
Vector Error Correction Model
The presence of lead-lag relationship between the futures and spot return series of refined soya oil, chana, soya bean and castor seed was tested using Vector Error Correction Model (VECM) and the results are presented in the Table 5 .
The coefficients of VECM were estimated in case of panel 1 wherein futures return was taken as dependent variable and spot return as explanatory variable. Similarly in case of panel 2, spot return was taken as dependent variable and futures return as explanatory variable. The lag length of 2 was selected on the basis on Schwarz Information Criteria (SIC). It could be observed that both the error correction coefficients λ f and λ s were found to be negative and statistically significant Impact Factor (JCC): 6.9876 NAAS Rating: 3.43 in case of all the aforesaid commodities. This suggested a long term bidirectional causality in futures and spot return series of all these commodities which meant that whenever these cointegrated series were to be in disequilibrium in the short run, both the futures and spot return series would adjust in order to re-establish the equilibrium. This finding was also in line with the cointegration test's inference, that there must be a long term causal relationship in at least one direction. However, the error correction term in the spot return equation was found to be greater in magnitude than that of futures return equation in case of refined soya oil and chana. In other words, futures return was leading the spot return in case of price discovery in the long run. On the other hand, spot return was leading the futures return in case of price discovery in the long run in case of soya bean and castor seed.
The short run causality was captured by the short term coefficients s1 , s2 , f1 and f2 . Here the spot returns with 2 lags were seen influencing the futures return which could be observed from the statistical significance of spot return on futures return both at one and two lags in case of refined soya oil, chana and soya bean. Similarly futures return with 2 lags was seen influencing the spot return which could be observed from the statistical significance of futures return on spot return at both one and two lags in case of the aforesaid commodities. Further the joint significance of all the short term coefficients was tested using Wald F test. The presence of bi-directional causality in the short run was confirmed by the statistical significance of the Wald F statistic in both panel 1 and panel 2 respectively. Therefore there existed a bidirectional lead-lag relationship between the futures and spot returns of refined soya oil, chana and soya bean in the short run. However in case of castor seed the spot returns with 2 lags were seen influencing the futures return which could be observed from the statistical significance of spot return on futures return both at one and two lags. On the contrary, there was no short term causality flowing from futures to spot as there was no statistical significance found both at one and two lags. Further the unidirectional causality from spot to futures was confirmed by the statistical significance of the Wald F statistic in panel 1 and hence it could be inferred that in short term spot return of castor seed was leading the futures return.
Granger Causality Test
As there was no long run equilibrium relationship between the two price series in case of guar seed, the futures and spot return series were tested for the presence of short term causality using Granger Causality test and the results are presented in the Table 6 . Spot return does not granger-cause futures return and futures return does not granger-cause spot return were the formulated null hypothesis. At lag 2, the null hypothesis of futures return does not granger-cause spot return was rejected at 5 per cent level of significance and the alternative hypothesis being futures return granger-cause spot return was accepted. Hence there was a short term unidirectional causality flowing from futures market to spot market of guar seed and therefore it could be inferred that futures return was leading the spot return in the short run.
The results of the lead-lag relationship obtained from all the sample agricultural commodity derivatives explained the role of futures market as well as spot markets in price discovery mechanism. In the long run, futures return was leading the spot return in case refined soya oil and chana. These results were similar to the findings of the study conducted by Vasantha and Mallikarjunappa (2015) , Kumar and Shollapur (2015) . Similarly spot return was leading the futures return in case of soya bean and castor seed. These results were similar to the findings of the study conducted by Srinivasan (2012) and Prasanna (2014). In the short run, futures return was leading spot return in case of guar seed and spot return was leading futures return in case of castor seed. There was a bidirectional causality found in case of refined soya oil, chana and soya bean. Overall futures market in case of refined soya oil, guar seed and chana was successful in achieving its intended primary objective of price discovery. The main reason behind this leading role of the futures market in case of these Markets in Case of Agricultural Commodity Derivatives in India www.tjprc.org editor@tjprc.org commodities was the more number of market participants which was reflected in the trading volume as well as value over the years (Table 2 ). But in case of soya bean and castor seed spot market was found to be leading the futures market and the reasons were obvious that there were comparatively less number of market participants which was reflected in the trading volume as well as value over the years and also the lack of awareness among the participants about the futures market. These findings could help the market participants dealing in the agricultural commodity derivatives (farmers, traders etc.) to hedge their price risk by taking appropriate positions in the market.
In case of refined soya, guar seed and chana futures market price could be considered as a base price by the hedgers and similarly spot market price could be used in case of soya bean and castor seed. 
